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T h i s  report ~ ~ ~ u ~ s e s  the  work of 

selected t o  provide the following: 

1. Operate at -423OF. 

2. Measure irdf ns whicli w e  easily convertible t o  skin stre 

3. Rave a min%mwn zero shift of from 70°F 
t o  -423°F. 

4. Be rel iable  duri e several months 
date and the fli ate 

sults 0% laboratory and f u l l  scale test 
t e  i s  discussed i n  the body of the rep0 
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Centaur upperstage X i  
0 placa 8 Surveyor p 

nt of struct 

M ~ i r n ~  acceleration loads were 
engine catoff. Maximum shear l o  
phere 8% veloci 
velocity eased 
applAecP t o  the vehic 

st i n  Plight i n s t  
ctwral stresses e 

strain a% various point5 of i n t e r s t .  
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4.0 

A. 

ture was a si 
e f o r  s t ra in  

f o r  'purge gas t o  pass. 
wires. There were inmy 
orientations and speci 

principle skin stresses 

direction of the PU 
pa-bfi, two ~ ~ ~ ~ d u ~  
s&fieient. 

een telemetry c h w e l s  were 
rnent on %he .tank sk 
lo $l?e next step was 
s t r a n a .  The fuel tank 

a oxidizer CQ 

Lank surface w e r e  exFcted t 
Since the airborne 
eznd calibrated befo 

os this zero B 

The f3a(ge Lo be as 
the  vehicle for sever 
and the launch date. 
ehasarcterhstics at  co 
e tc , ) .  PI& 
reproduced as 
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4.0 

2, 

39 

4. 

, 

Ekperience on s 
oement t o  be sati 
NASA-Uw3.a t e s t a  

Budd Co. plo. 3 soldering tabs were selected t o  be bonded near 
the gages f o r  lead wire terminals. Teflon-coated wise was 
necessary at the very low temperatures. 
was etched t o  perrnit good bonding of the moisture proofing. 

The Teflon insulation 

Surface prepasa'cionfbrkhe gages included abrasive blasti 
(velvetizing) the skin, cleaning with detergent and rinsing 
al l  surfaces before cement application. 

The Baldwin 

more temperatures and a low 
them tetmgeratums. This i e possible by the pre 

-5Q-E.E s trdn  gage is unique because it 
ssibi l i ty  o f  zero bridge output at two o r  
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4.0 : (Cont'd) 

A. (Cont' a) 
4. Theory of Strain G a m  Circuit (Cont'd) 

with temperature, 
i n  temperature t o  -423°F. 
more ~han & i n  going down t o  -423"~. 
value, *he following w i l l  be,tme f o r  no c 
(neglecting leadwire) 

Q (nichrome) w i l l  decrease with a dec 
fpr (platinua) w i l l  decreaee s 

If s the  proper 
e i n  zero balance 

EXAMPIE: 120-n- = Nichrome decrea 
3 . $ - n , +  140 -In- z 

-1.2 n =: h 

e i n  resistance of the nbchrome s t r a in  sensor. 
P 

A@ = Change i n  resistance 09 the platinum compensator* 

The leads are changing temperature, so RL will change the 
following w i l l  be t rue  for no ch e i n  zero balance. 

ARL = ChWe i n  resistance i n  the lead wire (assumed t o  be the 
same fo r  both arms). 

For a given set of changes from 70°F t o  -423"F, there i s  only 
one RB value which w i l l  sa t i s fy  the equation. 
i n  adjacent arms of the bridge do not 

the t o t a l  resistance of the ams 
I$ does not c 

EquaL chan 
ce l  each other e 

equal so lead wire , 
since it i s  i n  the 

The correct value can be determined 
es do not cancel. 

s i p a l  conditioning box. 
by solving equation (2) f o r  I$.  he resu l t  i s  



4.0 

4. (Cont' d)  

Where 

% = Ballast resistance needed f o r  ident ical  zero balance at 
70°F and 423'F. 

The values required t o  solve e q u t i o n  (3) were determined 
experiment- as described i n  Section B4 below. 

To summarize, It c&n be said that lead wire temperature effects  
were considered significant and a method different than that  
normally used was devised t o  reduce zero shift t o  a r0inimu.m. 

B. 

Ebaluation tes t ing included the  laboratory -t;ests wMch are performed 
t o  (1) determine suitable materials and methods, (2) prove in s t a l l -  
at ion r e l i ab i l i t y  md (3) deteermlne needed values f o r  u8e i n  data 
evaluation or c i rcu i t  design. 

The evaluation work included the fo l lo  

1. Sample instal la t ions.  
2. 
3. Transverse sensi t ivi ty  determination. 
4. Circuit constant determinations. 
5. 
6 *  Quality control coupon tests. 
7. Zero shift; vs. temperature testing. 

Gage factor  determination at three temperatures. 

Material properties ( 3  temperatures, 2 directions). 

1. Sample Tnsttnll&ioas 

As mentioned above, the s t ra in  Q 
by the Stress  Measurements Gro 
perience. 
mentation Design Group. 
p ~ & .  
Stress Measurements Group i n  detail. 
incorporated and the drawing was released as Convair W g .  No. 
55-12505 (Figures 4 and 5). 

s and materials were selected 
the basis of previous ex- 

T h i s  informstion was supplied t o  the Centaur Inetru- 
A formal instal la t ion drawing was pre- 

Before engineering release, it was reviewed by the 
The suggested ch 

, 
6 
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4.0 

a 

Prototype ins ta l la t ions  were then made on s 
301 CRIB skin mterilal in exactly the metnne 

ion drawing.. These specimens were 
shock (-423°F) arpd s t ra in  to veri . Reaul.t;~l were satisfacto 

2. 

The extent of t h i s  

e determined by eo 

u l t s  are li 
e of ~ Q U $ "  8 

I 

39 

Transverse 8 e ~ ~ ~ % ~ ~ i ~ ~ p  (st 
angles t o  the grta) was xbno 

e. The presence of 
effect EItreas 6 
is found on ea cyli  
re mounted on the 

cribed i n  Reference 2) which produces a 
One gage WE mounted with the sensitive 
strain developed. Two Q 
the first (I . e . ,  paralle 
r a t i o  of' these outpa%s was e 

ratio-was foma t o  be -2 
'EfX'fieT t e s t s  U S i  
The ~ ~ ~ a c t ~ e ~  

4. 

Determi nat i  o 
a8 Jeoflowe. 

a d  temperature. R 
of the w3re instal led on the 
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4.0 ( Cont a) 
B. (Coned) 

P 

7. (cont a) 
which was done t o  establish the zero shift vis. 

temperature correction curve. 

F i r s t ,  an appropriate ballast resistance Rg was de 
by immersing the f strain gages E 
A h i t  and miss ihu rogen was w t i c i  
expensive and ti with a calcul 
art with. A sho s devised whereby sever 
values f o r  e 

balanced with kno 
The four specirne 

reading) were recorded. 
recoraed zero sh i f t  at  -423'F (ver t ica l  scale) i s  pl.0 

form a nearly s t r ~ ~ ~ t  l ine  for small range 

ti on resistances. 
the Rg values were 

Strain readings a i n  set i n  stepls as at  room. temperature. 
zero shift) at each Rg ( a d  C o r r e ~ F ~ ~ ~ i ~  balance reaistar,@e 

A p l o t  such as Figure 9 was 

i n  ohms ~ ~ o r i ~ o n ~ a ~  'scale). 

l i n e  crosses zero on the zero shift axis, 

The several 

RB c8n be re on the horizontal scale. 

Temperature charnber tests of the mounted stra3.n gages were then 
performed using these correct FQ values i n  the external bridge 
c i r e d t .  
-314°F i n  one chamber 
chamber. 
nitrogen). 
temperature change r. A composite 0% the four 
c w e s  i s  shown i n  her infommtion is given in 

The specimen temperature w a s  lowered from 75°F t o  

Addftional data was obtained at -320QF ( i n  liglIcta 
me bridge output was measured at  increments of 

from -340OF domi t o  -423OF i n  ~ ~ t ~ ~ r  

Ap~ndPx De 

One ihportant aspect of the organizational approach 
this and all other factory s t ra in  gage ins ta l la t ion  
close technical direction of the technicians by the Stress 
Measurements Engineer. ~i~~~~~~ aZ1 straic w e  work on Pl ight  
vehicles a t  Conv r is done by the same t ~ ~ ~ ~ ~ i ~ ~ s .  w 

~ e a ~ ~ e m e n ~ ~  specifies on the ar gs (these are not 
~ ~ ~ a c ~ ~ i n g  ~ ~ i f ~ c ~ t i o n ~ )  e Afth the ~ ~ ~ p ~ c ~ i o n  Depart- 
ment approves all work p r o ~ r ~ s s i v e 2 y  

es f o r  research, test, ad. pro&x.i;icn. Approved 
insLal2ation p ocedures are written by Str 

10 
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4.0 : (cdnt'd) 

D. 

Bystm checkout was begun &+%;ex? the s t r a n  B inst.er;llstion was 
complete and following delivery of the st conditioning; pack 
by NASA Lewis. Factory checkout w w  limited to a $train vea Pr 
t e a t  and geriohic triple, measmn#nts o f  each gage c i r cu i t  a8 
mentioned above. The prrssswe test asleured us that  each gage 
&.rWt was capable of indicating the proper a m c u t  of strain i n  
the correct direction. The resistance checks were made t o  detect 

e# which would a;pfect our' c i r cu i t  calculations or show 
the gage circuits, 

Frelawrch checkout included (1) another Prers~we vs. Strain teet  
without i n s d a t i o n  panels bolted t o  the tank, ( 2 )  a ~ressure v 8 b  
8t-,n *st with ptimelg bolted on, and the tsnlr at 70°F and (3)  
another ]erefbsm %e& wlhth pwneler on and with %he tsnk f i l led with 
Uguled byarogen. Th%se cheeks a@suxW us that the c i r cu i t s  were 
SU. good, the pane2 @f'Lsrot ww lutw em& tat the c i r cu i t  was in 
f ac t  oorspPJnaa2;ed mch t h t  the data t races  all remained on scale 
at umatb3.e lwelrs. 

12 



D. 

ection of Frat& Mmna. Questions regarding t 
be directed t o  h i m  i o  Cleveland. The telemet 

hardware was standard 0-5 volt ,  band edge t o  bsnd edge, ~ D / C o n ~ ~ ~ r  
design. 

E. 

Flight data was received a t  Cape Kennedy and recoraed on 
tape, 
computer in to  digi ta l  values ( 2 1/2 samples/sec.). 

The tape was flown back t o  S a  Diego and processed 
CO 

t s  were time, st rain,  stress, moments, ~~~~~~t~~~ 
The computer program incorporated comec'cions t o  the  r 

data fo r  material properties changes, gage factor  
shift and t rmsverse sens i t i  ty. Output was tab 
plotted against time from If off .  The di 
flow o f t h e  data during handling. Strain plots  are shown in 
Reference 7, axid calculated ~&resses ana loads are presented i n  
Reference 8 as tables and plots (vs. Liane) e 

c 



Test Evplluation 

1 

Tes t  Data Processing - + + -  Bcientif'ic Progrrarmning 
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Teat D a t a  Processing \ 

Wlinger 

.c 
r 

/ - d 

r 

Stress (centaur) Tes t  Evaluation 

D. Walker P. Bunch 
t > 
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5x4053 

I t 

Nl scale test tanks are produced and subjected t o  extensive 
ground testing i n  preparation f o r  flights. 
such program, 72 Baldwin F D 1 5 O - l 2 E  s t r a in  gages were instal led 
on a f u l l  scale test  tank. 
on this tank are of in te res t  here. 
ana discussed i n  Reference 6. 

As part  of one 

Complete results are recorded 
The re su l t s  of the testing program 

u 

1. 

The s t r a in  gage 1nstiLlation on the test tank was started i n  
October 1964 while the Lank was i n  a factory dock. 
one of the s t r a in  The 
tank was then m o v e  10 miles t o  the  test stand. Twelve teankings 
with l iquid rdtrog w e r e  accomplished during tes t ing,  and as of 
1 June 1965, two g es of the i n i t i a l  72 have failed t o  function 
properly. 

Thirty- 
ages were instal led inside the tank. 

go rework has been done since original instal la t ion,  

2. 

A f e w  days pr ior  t o  t 
was pbrf'omed t o  check the various systems i n  operation. 
test included the s t r d n  gage syskem* 
f i l l e d  with liquid nitrogen and pressures were varied. 

structural test date, a validation tes t  
This 

The veblcle tanks were 

The least complicated g e resu l t s  &re shown i n  the table. 
show the correlation of eoret ical  s t r a in  t o  measured s t ra ins  
due t o  tanking (he& pressure) and pressure change. These are 
the lowest hoop ction gages and they w e r e  chosen because 
they show the 1 t influence from head pressure. The hoop 
s t r a in  is calculated using the biaxial  equation f o r  a two-g 
rosette.  Fressm due t o  tanking i s  calculated from the  t h  
ical  density of liquid nitrogen and the height from s ta t ion  225 
t o  s ta t ion  397. 
between the we 

Measured 
s t r a in  due t o  a tank pressure increase from 4.1 psig t o  11.1 
psig was taken direct ly  from the data t a p .  

They 

asured s t r a in  due t o  tanking i s  the difference 

p gages at s ta t ion 397 (below). 
of f i v e  hoop gages at  s ta t ion  225 and the 

I 



(Cont'd) 

3. 

The fu l l  scale s t ructural  test  program included numerous 10 
conditions. The s t r a in  resu l t s  from a simple axial acceler- 
a t ion load w i l l  i l l u s t r a t e  the quality of data obtained from 
the s t r a in  gage instal la t ion.  The measured s t r a in  was 8s less 
than theoretical  s t ra in .  Bowever, tbe Load carried by the in- 
sulation panels would reduce the  tank load and the result ing 
measwring s t r a in  vdces.  

4. Full Scale Test  Tank Pressurization Results 

results axe discussed be and i n  Appendix F. One 
m encountered with the 91 vehicle data was the 

unpredictable moments result ing from tank p r e s s M z ~ t i o n .  
The Point Loma data i s  examlned here as backgrow& information 
f o r  discussion of flight results. 

I 

16 



5 5 0 5 3  

: (Cont'd) 

A* FULL SCALE TE8T ( Cont a) 
4. Full Scale Test  Tank Pressurization Results (Cont'd) 

Table I11 shQW strajin changes result ing from pressurization 
of the test tank from standby pressures t o  test pressures 
before test loads were applied. Ideally, no moment should 
result from preasurization, Therefore, s t r a in  values f o r  all 
s t r a in  gages i n  a given orientation should igcrease equally for 
a given pressure increase (since skin thickness is assumed t o  
be 0,014 in .  at aL1 locations). 
the  strain changes should be as follows: 

Longitudinal s t r a in  increase 
Xoop s t r a in  increase 

For one ps i  increase i n  pressure 

28 mi croinche s/ f n ./psi 
121 microinches/in. /psi  

The transverse sensi t ivi ty  factor  of -2.9 percent w i l l  further 
reduce these values t o  

b n g i t u d i n d  s t r a in  reading 24 cle /psi 
Hoop s t r a in  reading 120 pLg /psi 

0 

Looking at Table 1x1 it can be noted that. the  strain increases 
are less than theoretical .  This has been shown i n  Reference 6 
t o  be caused by insulation panel r e s t r d n t  by compaJr2ng "panels 
on" and "panels, off" pressure test s t r a in  data. Reference 6 
also shows that measured 
culated theoretical. value8 i n  r om swle  comparisons. Rote 

s t r a in  gage readings are shown. 
8 due t o  bending. 

er, t h i s  could add t o  the inaccur 
, calculations i n  which s t ra ins  on one side of the tank skin are 

used. 
gages f o r  test Mo. 7 (Sta. 4l.2 Ultimate Design) 
the inside gage increases more than the outside gage except at 
locations at 225O (longitudinal) and 315" (hoop). 

From Figures 13, 14, and 15 the change in stress can be seen. 
These stress calculations are derived from aver 
valuea (inside armd outside es) .  Figure 13 shows a fairly 
uniform irzcrease i n  hoop st 
test t o  test (Tests 1, 2, 3, 7 ) .  

&L stress i s  nearly equal t o  caL- 

able LIf tliat the response of a given strain gage location 
s from one test t o  mother. Both inside and outside 

The difference b 
I n  most cases the be 

Figure 12 shows this variation between inside and outsfde 
I n  most cases 

s due t o  pressure increase from 
However Figure 14 show 

ifferenee i n  response at locations 
tudinal stress. These stresses again 



(cont 'a)  

B. 

The above fac tors  are en0 
impassible, t o  calculate moments from tank s t r a i n  Q 
&clition, no i d o m a t i o n  exists whicb would ahow t h  
increasing and decreasin mssuse several times. With in- 
sulat ion panel fk ic t ion  
s t r a i n  picture, it i s  obvious that no accurate correction fac tor  
can be devised f o r  flight use. 

t o  ahow %&y 2% i8 d i f f i c ~ t ~ ~ ~  not 

panel load paths complicczti 

vehicle tank s t r a i n  results can be B zeB i n  two  state- 
ments. (1) Sophisticated s t r a i n  g s were successfully employed 
t o  measure tank surface s t ra ins .  
complicated by the presence of the insulation panels i n  contact 
with the thin tank skin. The discussion of t h  
can be extended i n t o  a career fo r  the s t r a i n  Q 
the result would more than l ikely be a. reconme 
ins t a l l a t ion  would result ri a similar data analysis exxi 
view of the program cost,  one discussion must b 
the opinion stated above and i n  Appendix G. 

Moment load analysis was 

errninal plugs. 
the  checkout 

ed from tx tempe 
d.ifference indic  ween c o l ~ s  10 

e drop of 5OO"F, the 

ifying indeed. 

tank at s ta t ion  241 and do not reveal the  basic problem of moment 
measurement. , I 

The moment loads during f l i g h t  would be ref lected i n  equal ant3 
opposite s t r a i n  changes on opposite s ides  of the moment axis.  
Any "other influences" which result i n  w-equal s t r a i n  ch 
i n  the moment load calculation also look l i k e  mments. 
influences" mre present a These were (I) i n s d  
r e s t r a in t ,  (2) loca l  effe he insulat ion panel co 
(3)  discont inui t ies  i n  t tructure ,  and (4)  

18 



effects of pretssm between the insulation panels asrd t he  f u e l  t a k  
skin. The presence of these influences (which apparently c 
f r o m  t i m e  t o  time) precluded the correction of the  data for  moment 
load dekrminati  on 

c. 

The fol lowhg i B  a 
flight report (Ref. 7) pertafriing t o  the fue l  tank s t r a in  g 

d cow of the  comments contained i n  the 

I 

Centaur LZi~'tank s t r a in  gage data acquired from the  AC-6 
flight has been conv@rted Lo stress using the I?.%% 7094 DCS d i g i t a l  
computer program nwber 3833. 
program computed bending moments at  Station 241 and 397. Bending 
moment calculations are based. on a relakionship be 
diffemnees around the tank circumference, A brief review o f  the  
cotnputer results indicates t ha t  the measured stress was i n  good 
agreemnt with theoret ical  values, Bending moments computed from 
the measured stresses exhibited reasonable distribution. Eo 
the values we= excessive. 
data  obtained, cannot be used without modification. 

I n  addition t o  compwting stress, the 

Based on t h i s  review, bending moment 

The probable cause f o r  the  excessive bending moments were local  
stress discontinuities due t o  insulation panels and other sowces. 
The presence o f  discontinuities resulted i n  a variation i n  sLress 
around the tank circumfxxrence, giving the  same indication ae an 
applied bending moment 

iderable evalwtion wi l l  be required t o  account for  these 
secondary effects' before the bending 
of the uncorrected p lo ts  o f  stresses 
from the computer pro , the data 
measurements are presented i n  Figures 2.10-8 through 2.10-15. 



C. &@ID DAlA- (Cont'd) 

Figures 16 through 21 ar@ reproductions of f l i  
i n  the f l i gh t  report. Although these are only s t r a in  traces,  
some coments can be made. 
noted at the bottom of each page. 
of some s t r a in  gag@ temperatures which were also contained i n  
the flight report. 

data contained 

The flight events a m  conveniently 
Figure 22 i s  a reproduction 

The most reliable cBeckpoint is  at ;EoECO, 
due t o  the drop fn.acce1eration at mC0 i s  almost ident ical  f o r  
a l l  s ix  longitudinal gages a t  s ta t ion 241 and al l  four longitudinal 
gages at s ta t ion 397. This shows the s t r e in  response t o  axial  load 
t o  be uniform. 
during the changes i n  pressure before this t i m e ,  the s t r a in  gages 
can be assumed t o  be indicating s t ra in  accurately. 
f l i g h t  s t resses  as calculated fromthe s t r a in  gages i n  general are  
accurate for the local  areas under the s t r a in  gages. 

The increase i n  s t r a in  

In  sp i te  of the influence of the insulation panels 

Therefore, 

At panel je t t ison,  the ef fec ts  on the various longitudinal gages 
varies. 
present. 

T h i s  suppor*ts the assumption that panel influences are 
Eoog s t r a in  response also var ies  sl ightly.  

i n  s t r a in  i n  d l  
The longitudinal g 

udinal gage t races  i s  
were also sensitive 

enough t o  show "stegs" at nose fairing jet t ison,  tne13.n engine 
start;, and. main engine cutoff. 
shown on all longitudinal gages from 400 sec4 t o  MBCO with very 
l i t t l e ,  i f  any, drift .  Measurements CA925S, CAg27S, and CAg2gS 
all have a quick negative shift at about 675 seconds right a f t e r  
correctly indicating a zero acceleration point. After several 
seconds CA93lS a l so  drops the same amount and at 715 see. CAg33S 
W e s  the same drop. No ernlanation i s  offered fo r  this drop t o  
a new stable level. 

Acceleration increase i s  accurately 

Confusion i s  noted early i n  the flight from 0 t i m e  t o  60 seconds 
since the longitudinal gages show various responses t o  the large 
tank pressure change, 
drop from au ar t i f ic ia l  zero s t r a in  point before engine start t o  
a more reasontiible value after engine start shock and the associated 
vibration 

Reasonably good response t o  increasing acceleration from 100 sec. 
t o  BECO is shown by a l l  longitudinal gages* 

Measurement CA9438 seems t o  indicate a 

20 



6.0 

(Cont' d) 
I 

The hoop s t r d n s  show a very uniform drop with %he pressure drop at 
70 seconds, homer, their response t o  mach 1 conditions at 60 
seconds is dependent on their s ta t ion  level.  The strain increase 
due t o  pressure! increase *om time 0 t o  50 seconda'is also nearly 
uniform for ell four hoop gages, This would iadfcate that the  
longitudinal gages were adversely influenced t o  the greatest extent 
by the  insulation panels. 
the bending moment lnkomt ion .  

Unfortunately they were the source of 

Temperatwe ef fec ts  ( s t ra in  gage zero s h i f t )  are not great up t o  
175 seconds w h i l e  the ganels are on the vehicle. 
after panel Jett ison the temperature hcreased until it went out 
of range. M a x i l n u n  temperature correction (160 rdcroinches/inch) 
was expected t o  be rnade at -350'B. A correction of e . 3  micro- 
inches/in. per OF should be used i n  the range going from -k20°F 
t o  -350"P. 

Inwediat@ly 

A. TheBaldwin -5O-12E s t r a in  gage should be considered f o r  
rem measurement tasks where indiviaual s t r a in  

compensation is required and suff ic ient  space 
is wailable f o r  its instal la t ion.  

B. Complex s t r a in  gage tasks such a8 thirs should be funaed i n  the 
same wey wLth respect t o  the s t r a in  gage engineers task. 
should include suff ic ient  budge% f o r  data  and reaul t s  evaluation 
immediately after program completion as we31 as continuous 333s- 
ponsibil i ty throughout planning, evaluation, instal la t ion,  and 
tes t ing  

It 

st ions f o r  improved load measurement accuracy can be 
mrede, using the same ins ta l la t ion  locations. 
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Point Loma, Tests on E I D  555'545 Test Tank 
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Program ObJectives and Pselimfnary Planning 

For AC-6 Flight Strain Gage Task 
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I. 

2, 

3. 





Ob 9 ec t i v e  @ : 



The t e s t  speci ns were standard 1/2 i n ,  wide t ens i l e  coupon6 11 in. 10%. Pour 
each of the  l o  i tudinal  and transverae r a in  orientations ware man 

IastrumentatFon: 

Specimens w e r e  instrumented with C5)-121-R2B s t r a in  gager; bonded t o  %be 
with 6A-5 cement. The gages were placed opposite to one another an ea 
of a specimen, G ea were wired Lhro a switch box tha t  permitted 3. 
madout of the l o n g i t u d i n a l  and transverse gages on the specimen$ The gages 
were wired in to  a f u l l  bridge of two resis toxs and two active gages which 
averaged out bending. A l l  gages were of the same gage factor  and l o t  number 
so %hat the only correction necessary f o r  reading w a s  a t empra twe  correction 
far gage factqr.  

1, The speciizlena were placed i n s ide  a cryostat  and f i t t e d  t o  end clevises of 
a T i n i u s  Olsen testing :mchlne. 

2.  For cryogenic t e s t s ,  cryogenic fluid w a s  admitted t o  the cryostat ;  Lp12 and 
I,& w e r e  used t o  obtain temperatures of -320'F and -&!?OF, respectivelyo 

3. Wads were applied i n  100-lb. increments t o  @JO Ibs. Strains  were recorded 
f o r  each load ir,crec;cx;t. 

Difficulty was encountered i n  running specimens at Lsi;! temperature. 
t h i s  temperature were run three times t o  verify data. 
apparently gage heatirig which produced sml.3 bubbles over the  surface of the 

e and this i n  t u r n  created turbidence which gave w s t n b l e  read 
particular area should be further inyestigated and i s  8 problem a 

Tests f o r  
The difficulty vas 

tes-ting. I d  

Lage Factor Variation with Tenpersturn : 

+ Testa wem condusLed using a HASA beam fixture do determi:& the g 
changes of t h e  C9-LLl-Ri3B gage w i t h  tmpera-t;Gre, 
w e  shown in "onclosure (1). 

The results o f  these t e s t s  

The correction i s  applfed a s  fo1lots.a: 

Actual S t ra in  - G-F. a t  morn tempersture ' x indicated s t r a in  
G.F* set x correction r ac to r  

T h i s  correction was used i n  the CalcLilution of t h e  r;i&ulus of elasticity but 
was not required for  Pcssions nsverae sens i t iv i ty  was not cosreeLed 
a5 it amounted t o  less than 1 I 



e values based on four specimens each i n  %be longfkudi and t ~ ~ ~ e ~ ~ e  

u -42 3 9' Lon.@. tudi  nr13 50.2 x 106 -.&I 
Trmslrerse 33.3 x 106 -. ;26 

e theory Tor an anisrotropic mterPiall shows t ha t  the relationship between 
Poisson's r a t io  and the Modtrlus of KLaLaBticity is tp coastant or 

,ll; Q 31; 

PT * Frs 
- -  

The above r a t i o ' s  are compwed below based on the average values. 

-320 "F - 
-423°F 

The m a x i m u m  variation i~ approximately 1 
fht?ory. 

which i s  i n  mement with the 

. 



Ins t a l l a t ion  Check: 

Four tzcsile-coupons were m 3 ~ x n t e 3  on t h e  AC-6 tank adducent t o  the  areas where 
gages were b e i r g  i,”,rta! d on the tank. 
coupocs st thss ~ a m e  t h e  und &der  t h e  stme condltioiis 8s the  8 
on the tcana. 

-p-L;r‘E gages were i ne t a l l ed  on “;he 





~ F E C ~ ~  
HO * 

Z-1 

IL-2 

L-3 

L-4 

T-3. 

T-2 

T-3 

T L 4  

Stalh.@se, 0,014 in. Thick, 
Heat '7*$83,  and Coil 174l-A2 

. 

26.5, x 106 ps i  p.2'73 
30.0 x lo6 ps i  m.273 
30.4 x 10 6 pisi 

26.4 x 106 psi -*271 
3s. 3 x 106 ps i  
30.5 x 106 psi 

-.295 

-.a93 
a. 291 

26.3 x LO ti psi - 2 7 2  
30.2 x 3.06 ps-t e.279 
31.2 x I O 6  psi +. 307 

Ambient T T ~  svesse 36.1 x 106 psi -. 316 - 9 0  "F 
-42 3°F 

33.b x 106 psi  e.31.j I 33.0 x 106 psi 0.33'1 

Ambient 
-90°F 
-4;13"F 

Ambient - 90 "F 
-@ 3 "F 

&' p*1 x 106 psi -. 3J-2 
54.6 x 106 psi  
j3.6 x lo6 psi  

-. 720 
- I  332 







Evduation of CharwrterFstics of Type 

Bon&ed t o  303. CER3 at Temperatures Between 75°F and -423°F 
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is shown i n  the table also.  

w i l l  be published in GD/C Report 110. 55C-bl30. 
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CT AC-6 Fli Strain Q@@ Data Evaluation 
I 

Informstion 

me report 26s results of the data evaluation for the! 
AC-6 sCrain gram. This program authorized under HA8A 
Technical. D$rective l26. 



I 

This report aluation of s t ra in  
~ u t h o ~ z e d  by T 

Directive l.26, 
ned from the 

used f n  denoti 
loads experienced by %he 

50-l.23) w e r e  bonded t o  the outer sufiace of the 
e for Stat ion 241 and f o w  

locations fo r  Station 397. (see Fi x ) .  Axial s t  

measured pdlt each loca t i  B m%wured at only two 
is3 st rain would 

a"con. Bowever> due t o  the li&t;e& e 1- 
s~~~~~ abbve. This less 

e the r e e d % s  -to 

2 



Flight loads 0ccwri.n 
were of par t icular  in te res t .  
moments, vehicle fue skins are c r i t i ca l .  Other flight times of 
intereat  were ( axial load) and insulation panel Jett ison. A 

Since this is the  time 

of the  resu l t s  of  this analysis f o r  these events is presented herein. 

A. 

A x i a l  stress at three circumferential locations was used t o  compute 

Station 241 and Sthition 397 which correspond t o  
the forward and end of the Centam fue l  tank. 

iner, moments computed in -this r (presented i n  Reference 1) using 
Plight date a p p  d t o  be m e a l i s t i c a l l y  large when comp 

le of attack excursions euzd interstage a@er bending moment data. 

EVdJXLtfQLl Of rig strain data pointed out that bending moments 
ed during p r e s ~ ~ z a t ~ o n  tests. Definite l inear i ty  

pressure encrease precluded the exie-tence of t ~ 1  actual applied moment 

of this itude. This is  cleasly i cated i n  Figure 5 and 6 of the 

appenaix . 
Since the rmmerrt; cdcula t ions  were b sed on stress differences &on 
the tank c i r cwerence ,  any variation i n  the pressure stress field 

would result i n  the indication of an applied bending moment* 

mor@, due t o  the 

s t resa  differences result i n  s ~ g ~ ~ c  

itude 0% the  tank section moduluis {I/C)> 

bending moments. 

An attempt was to compute a correction factor,  u t i l i z ing  Quad- 
aata, f o r  the st e pressure atrests vari- 

ation. IIOwever, the result bending momen%s were 

further incre sed. It was concluded tha t  the correction f w t o r  based 

3 



A. ( Cont a) 

t ions  (Quad-t&n$) s not val id  for fl ight This 
could be caused by insulation panel shifting on the tank or  other 
effects causing a change i n  insulation panel res t ra tn t .  

Evaluation of the  effeete of the insulation panels on ;he tank stress 
field presents the greatest problem in computing f l i  

Previous test programs (Reference 3)  have indicated the panels def idtely 
tend t o  res t ra in  the tank skins result ing i n  increased axial tension 
stress. This induced stress gzround the t and introduces 
urnaccountable errors  i n  the  culations. As a result of this 
analysis the derived flight be moments are not considered valid. 

bending moments. 

B. 

Booster engine cutoff results In 8 rapid decrease i n  longitulinal. BC- 

celeration of the vehicle with a corresponding increase i n  t 
stress. The table below shows the excellent correlation between theo- 
r e t i c a l  and measured stress changes at  BECO. 

241 

397 

4800 4-800 

6400 5200 

The stress perturba%ions occurring a% panel jet-tison clearly support the 
statement made i n  regards t o  predietaMlity of a x i a l  rest r&nt  of the 

panels on the tanlr. owever, the hoop res t ra in t  due t o  init ial  panel 
pretension rat ins ta l la t ion  i s  i n  good 
me fOllQWJLng table s-zes the stress ch&n43e6 at each Q 

ement with the design vdues .  

4 



C. ( Cont ' a )  

-10 
-6 
-9 

4-5 

-4 

4-3 
-4 

-I 

-7 

I ( +  Indicates increase i n  s t ress )  

1. Due t o  the error8 introduced by the  lnsulatiom Panel e f fec ts  on the 

sereas distribution around the fuel Lank, bending moments cannot be 

calculated d t h  timy- degree of accuracy. 

e 

2. This program euccessfully demonstrated the  feas ib i l i ty -of  using strain 
gages i n  the  complex environment experienced by miasilea and space 

vehi c lea. 

3. me stre88 data 0b-t ned from this program supported the d y - b i c e b  

methods used. t o  establish l ~ ~ c h ' r ~ s t r i c t ~ o n s  in re 
zation requirements 

4. Included i n  %hire report 

s to pressmi- 

plotls of signffica31c data supporting this 
analysis. ~ ~ ' i ~ o ~ t ~ o n  can be found i n  the attached appendix. 

5 



This technique wed i n  the evaluation of external loads should not be 

on complex structures as  the tank-insulation panel combination. 

application t o  simpler structures should yield satisfactory results. 
I 

1. AS-D-991, " sis of AC-6 Fli e Data," dated 8 September 

1965 

2. Memo 578-4-~-65-82, "Results of Material Property Tests and, 

Strain Gage Evaluation," dated 22 ~ u n e  1965. 

3. Test  Report 551833052, "AC-6 Axial Load and Bending Moment Teet Results." 

I 
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